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The system under study here is an implementation of the well-known single-mirror feedback arrangement [23] (see Fig. 1 ). The driving light field is a linearly polarized collimated laser beam (w 0 1:89 mm), which is spatially filtered in order to get a good cylindrical symmetry. This ''holding beam'' is injected into a heated cell containing sodium vapor in a nitrogen buffer gas atmosphere as the nonlinear medium. The laser is operated at a frequency some linewidths above the sodium D 1 line.
The feedback loop consists of the feedback mirror (R 0:99) at a distance d behind the medium and a =8-retardation plate, which represents a modification with respect to the standard scheme [24] . Because of its presence, the reentrant field will be elliptically polarized unless the polarization vector of the impinging field is exactly parallel to one of the principal axes of the =8 plate. The portion of light that is transmitted by the feedback mirror is used for detection. The exit plane of the sodium cell is imaged onto a CCD camera. A second =8 plate whose optical axes are oriented perpendicular to the ones of the first reestablishes the polarization state of the light field in front of the first =8 plate before detection. A linear polarizer (''analyzer'') is used for analyzing the polarization state of the light field. In addition to the wide holding beam, there is a focused beam that can be switched on and off. Its polarization and spot size in the cell can be adjusted. Its frequency is slightly shifted with respect to the one of the holding beam to avoid interference effects. We call this beam ''addressing beam.'' Optical pumping with circularly polarized light induces a nonzero ''orientation'' of the vapor whose sign depends on the helicity of the light. Under the conditions of the experiment, the sodium D 1 line can be modeled as a J 1=2 ! J 0 1=2 transition with the population of the excited state being negligible (see [25] and references therein). Under this assumption, the orientation is simply given by the normalized population difference between the two Zeeman sublevels of the ground state (ranging from ÿ1 to 1). For a linearly polarized input no net pumping should occur if the slow axis of the =8 plate is aligned with the axis of the input polarization. However, it is known that this system shows spontaneous symmetry breaking between two spatially homogeneous elliptically polarized states of opposite helicity [24, 26] . One state is connected with a positive orientation of the medium and a positive rotation of the main axis of polarization, and the other one has a negative orientation and polarization rotation. This symmetry breaking can be interpreted as a pitchfork bifurcation. If the slow axis of the =8 plate is slightly rotated by an angle with respect to the input polarization, a perturbed pitchfork bifurcation is observed. At much higher pump levels both of these homogeneous branches become unstable against a modulational instability, and pattern formation and the existence of a polarization domain wall were demonstrated [24] .
In this parameter region, the ignition of a solitary structure was found to be possible (see Fig. 2 ). The system is prepared in the state with negative polarization rotation. The analyzer is adjusted such that this ''background beam'' is suppressed [ Fig. 2 If the diameter of the addressing beam is enlarged, other types of stable solitary structures can be ignited for the same or similar parameters (see below). The solitons differ in size and in the number of radial oscillations (see Fig. 3 ).
We denote their order by numbering them from 1-4. Depending on the size of the addressing beam, the circular domain, which is initially ignited, will shrink or expand until one of the stable solitary structures is reached. The spatial frequency of the radial oscillations corresponds quite accurately to the length scale of the modulational instability. Soliton 4 is very sensitive to the experimental parameters. We mention that it is slightly off-center, though it was ignited at beam center. Not all orders of solitons depicted in Fig. 3 are observed for the same set of parameters, though the regions of existence of solitons of subsequent orders typically overlap.
The existence of a discrete family of solitons can be reproduced in numerical simulations of the microscopic model described in Ref. [25] ; the inclusion of the action of the =8 plate is readily accomplished (see Ref. [24] Fig. 3 ). Just as in the experiment large structures that are ignited in the beam center drift to an off-center position. The drift is attributed to the amplitude and phase gradients originating from the inhomogeneous pumping by the Gaussian beam [27] ; see also [6, 13, 28] for drift phenomena due to gradients.
In the numerical simulations, soliton 4 was found to be only ''metastable'' for a beam radius of w 0 1:89 mm; i.e., it drifts very slowly to the boundary and then either decays into soliton 3 or expands and switches the whole beam to the slightly patterned state with positive polarization rotation. For a slightly larger beam radius [w 0 2:2 mm, Figs. 4(e) and 4(k)] it is stable. This provides further support for the assumption that high-order solitons are disfavored in a Gaussian beam. This is probably due to the rather large size of the structures (diameters range from 0.41 mm for soliton 1 to 1.58 mm for soliton 4) in comparison to the beam radius (w 0 1:9 mm).
In contrast to the experiment, the numerical simulations also give the orientation of the sodium vapor. It is shown in Figs. 4(g)-4 (l). It can be seen that the number of radial oscillations of the solitons is reduced by one with respect to the intensities in Figs. 4(b)-4(e) ; i.e., soliton 1 is single humped and can be identified as the fundamental soliton.
The solitons can also be found in simulations with plane wave input. The orientation distributions are shown in . Small-amplitude hexagonal patterns are also found in the experiment (cf. also [24] ). Obviously, the amplitude as well as the width of a constituent of the hexagonal pattern [ Fig. 4(s) ] and of the fundamental soliton [ Fig. 4(t) ] are considerably different; i.e., the soliton cannot be interpreted as a single constituent of these hexagonal patterns. Instead, it appears that they represent a localized excursion from the ''background state'' into the vicinity of the amplitude level of the other state and back; i.e., the soliton represents a homoclinic connection of the background state with itself (see, e.g., [29] ). In the one-dimensional case this situation is characterized by the existence of two switching fronts that are locked, while in the two-dimensional case a circular front is interacting with itself. In the interpretation of our experiment we assume that the locking process is heavily supported by the presence of a modulational instability which exists on both branches, i.e., in the states of positive or negative rotation of the polarization. Locking should then be possible at different spatial separations of the fronts due to the periodicity of the modulated states. The existence of a discrete family of solitons appears to be the natural consequence. The assumption of the crucial role of the modulational instability in our experiment is basically supported by the fact that we always observe the wave number of the modulational instability in the Fourier spectrum, if the threshold of soliton formation is surpassed. Far above threshold the solitons even lose their radial symmetry. Some indication of this process can be seen in the experimental [Figs. 3(c) and 3(d) ] and numerical results [ Fig. 4(q) ] presented here.
Our observation of a discrete family of dissipative solitons fits nicely with results obtained in models of nonlinear cavities and in unspecific model equations, where oscillatory tails of the fronts-often, but not always, connected to a modulational instability -were shown to give rise to the existence of a set of solitons differing in size and/ or the number of radial oscillations [13, 15, 16, 18] . It should be noted that this general mechanism does not seem to apply to the bistability between two types of solitons (circular and triangular) reported recently [11] , which was attributed to the coexistence of a stable homogeneous state and two different pattern forming branches.
A clue to the mechanism stabilizing the solitons is obtained from the following experimental observations. The minimum threshold power P c for the existence of solitons occurs if the slow axis of the =8 plate and the input polarization include some finite angle c that dis- favors the polarization state of the background and favors the polarization state of the soliton. (About the same threshold is obtained for the angle ÿ c , of course, with the roles of the two polarization states being interchanged.) When the input power is increased above P c , then there is a finite range of angles , where solitons exist. Above a second threshold P 0 c (P 0 c about 1:3P c for the parameters considered here) the range of , where solitons exist, includes 0. In that case the two polarization states are completely equivalent. It is a well-known phenomenon in nonlinear model systems that a circular droplet of one of two equivalent states within the background of the other one shrinks and finally disappears (''curvature-driven dynamics''-see, e.g., [30, 31] ). The edge of the droplet, however, may be pinned by spatial modulations, and pinning is more probable, when strong modulations are present, of course. Obviously robust pinning occurs in our system when the input power P exceeds P 0 c . If the two homogeneous states are not completely equivalent, i.e., in the case Þ 0, the curvature-driven shrinkage of a droplet is counteracted, if the droplet is in the preferred state. For large values of jj the shrinkage can even be overcompensated and then the droplet expands. For a given , there is a critical radius of the droplet where the two effects are in balance. However, this situation is known to be unstable in general, at least if the droplet state and the background state are homogeneous [30] . These expectations are confirmed by numerical simulations of our system below the critical value P c . Because of the existence of the modulational instability, however, spatial modulations become much more pronounced for increased input power. In the case c the modulations occurring for P P c are considered to warrant stabilization, while in the case 0, i.e., without other effects counteracting the curvature-driven dynamics, the modulations corresponding to P 0 c are necessary. The symmetry-breaking pitchfork bifurcation that underlies the existence of spatial solitons in the system under study is a very common phenomenon in nonlinear physics. It can be expected that the existence of a discrete family of spatial dissipative solitons reported here is also widespread. In our case, however, the occurrence of the solitons is closely linked to the presence of a modulational instability. Though a modulational instability is not a prerequisite for the existence of higher-order solitons in general, it seems to play its role here in their stabilization and may make them more robust and thus facilitate their observation.
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